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ABSTRACT

Uncontrolled bleeding is acknowledged as primary cause of civilian and war field deaths before
hospitalization and is also known for the debilitation of wound healing process. Irrepressible
bleeding is also an inevitable reason for microbial infection. These challenges necessitate the
development of materials with multifunctional properties of immediate blood clotting. Thus,
present study was undertaken to develop herbal incorporated alginate based antimicrobial

hemostatic cotton dressings for immediate blood clotting and antimicrobial activity.

In order to impart the infection resistant activity to hemostatic dressings, the synthesis of nano
silver encapsulated carboxymethyl cellulose gels (CMC-Ag nanogels) was carried out. Silver
nitrate was reduced and stabilized by the fructose and CMC, respectively. Preparation of
nanogels is influenced by the reaction conditions, such as stabilizing agent concentration,
reduction time, and reduction temperature. The phenomenon of agglomeration was observed
for the higher concentrations of CMC due to high viscosity of reaction mixture, whereas, the
low concentration was found to be insufficient for stabilizing the nanogels. In addition to this,
the short reduction time showed incomplete reduction of ionic silver while, particle aggregation
was observed when reduction was allowed for longer duration. However, the effect of reduction
temperature leads to the formation of spherical nanogels which aggregated upon increasing the
reduction temperature. The morphological analysis of CMC-Ag nanogels was investigated
through HR-TEM analysis which indicated the core shell structure formation in the size range
of 5-10 nm. Encapsulation of nano silver inside CMC matrix provided the functional groups to
CMC-Ag nanogels for adhering on the cotton fabric. Optimized CMC-Ag nanogels were
immobilized on the cotton fabric by varying the concentration of silver nitrate. These fabrics
were investigated for their antimicrobial activity against E. coli (Gram-negative) and S. aureus

(Gram-positive) bacterial strains by zone of inhibition, anti-adhesion analysis, time kill assay,



and colony count method where >99% bacterial colony reduction for CMC-Ag300 fabric

(which was further designated as NG during the fabrication of hemostatic dressings).

To introduce the hemostatic activity, sodium alginate (SA) based blends were prepared with
different content of glycerol (Gly). Rheological studies were conducted to investigate the flow
behavior of blend system which revealed decrease in the viscosity upon increasing the Gly
concentration. Contact angle analysis showed an increase in the hydrophilicity with the
increase in the Gly content. Flexibility of films increased while the tensile strength decreased
with the increase in the Gly content. These observations were attributed to the presence of Gly
which enhanced polymer chain mobility by disturbing the intermolecular hydrogen bonding in
SA. SA:Gly blends were coated on the cotton fabric where Gly content offered good flexibility
to the fabric, similar to the pristine cotton gauze. The optimized blend of SA:Gly was

designated as the SG for hemostatic dressing preparation.

To fabricate the antimicrobial hemostatic dressings, varying concentrations of three herbal
extracts (Tannic Acid (TA), Choerospondias axillaris (CA), and Mesua ferrea (MF)) were
added to the SG blend followed by their coating on the NG fabric by dip coat method. DPPH
analysis showed an excellent antioxidant activity of developed dressings in a dose dependent
manner. Presence of herbal extracts helped in clotting the blood faster than the control sample
as measured by in-vitro blood clotting time analysis. FESEM analysis revealed the presence of
stable clot with fibrin mesh on optimized dressings. The infection resistant behavior of the
dressings was studied by the zone of inhibition, anti-adhesion analysis, and colony count
method which exhibited more than 97% of viable colony reduction against S. aureus and E.
coli. Additionally, dead bacterial cells were detected on the surface of dressing due the

excellent antiadhesion activity. Biocompatibility of the dressings was delineated with MTT
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assay on NIH3T3 cells which implicated more than 85% of cell viability suggesting their

cytocompatible nature.

A comparative study of hemostatic activity of all optimized dressings with TA, CA, and MF
(NGSG-MF3, NGSG-TA3, and NGSG-CA3) was carried out by in-vivo tail amputation test.
Swiss albino mice were used for the analysis which indicated faster blood clotting in NGSG-
MF3, NGSG-TA3, and NGSG-CA3 groups as compared to the other groups. Blood clotting
efficiency was measured by the hemostatic time (s) and blood loss (g) which revealed that
NGSG-CA3 dressing has the fastest clotting time of 66.37+ 17.32 s and minimum blood loss
of 0.135+ 0.03 g. This investigation led to the development of a hemostatic dressing by

combining SA, gly and CA as the hemostatic compound.
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iR

AT Yo BT BT gg: & W 8 aTelt Aldl BT FTAAes PHRT AT ST 81 Ig A ehiiead
HRHUT BT ATHIET PRAT & fSHeh! aoTg I °Td WA I UfshdT bl T1fd HIHT 81 STTdl 81 87 AMfaal
Pl B W I@d gY VT SR AT Pl 3Taedesdr ¢ S Ui debldl Ied b ep ST,
MR P13 & 3P, 3R FHHHUT I e BT &dT 811 THRCIcd §FI™ M & fay
I TSI B el HIFT ST 8 FTf SHP UTH Ged Pl G Pl 3BT &HdT gt & o
IE Y& P BUHCH Bl Tha P dAT 9T Bl dTest diel J go &l ffed I@ar 81 59 bR, 59
BTH H EHA gael YeRAgare g 3Tfooie el IMTURTET Terd JaTg bl e aTelt i ST 21

JAAH Bl IR I A1 e S AR | 37 471 Siod bl g1 o foiy e ATgee Pl paelst
3R Hiowt &b 3uffd § A7 Argst ¥ geat T fSEH Ppereist 4 A1 A1geT W aeel dT HoHHT
T 52 R F BT B fBar| 37 S g1 B wfthar # Ruaed & ffd (@R Jiomdt &
B2, R &1 g7, RUeM T dTaT) &l agd ast [HebT gld! ol R AA1oid M
P ToIq RERABIUT Toie 6l TP STed HigdT Bl 3aegddT aldl &1 JIUHIT Bt gt 3R 3=
3R 3= Higar A fafdsar fesor 6 fraferarge o1 ger fam| g8 srerar, Rueed ¥y faeersor
3 b fHeTar & fos B3It TFa § 31 e B 3TRT Reaer <& T, Sidfds @ sfafd
¥ g Reder &Y AT 24 W A BT THABIT S@T TAT| BT, RGP arawH &
fdeeooT § Uar I fob ATIHT H PHHT B YHTT F TATPBR 37TBR P AAToiel T FHAfoT g3rm i
ATIHH 98- R §8 PR H U &l Y| HHRIT-USH AAToTd &b BUTHD [aeyoT Bl STid Ta37R-
SISUA feeivuT o AT 3 & 778, fSRIA 5-10 TAYH BT 3TTBR T H DR A IRTAT b TS BT
T f3AT| BrafaiHege a ™ bl IRd 471 R BT bied ST ¥ K9 & foiv Brifare
THE e Bl gl 9P eTdl, fHeeR A1gge Pl i=1-fi=1 FigdT &1 31gpfeid HeAEt-gsit
AISTeT H STeTR Bbie Tiel U feraesTaT T | 84 TS 1 STid §. Plal (ATH-1Ied) 3R T 3R
(IT-UTfSIed) SRR HehAvT P BTt 39eh! AMURTER fdfdfe & fofg i 371w gf=etem,
3T USeQM, TEH fobet, qT BId T B3¢ fafd ol e F B 18 oI CMC-Ag300 Wisid & fag
>99% SFEIRIT Bl & BH BT U1 gt (ST gARe e $T & fAmfor & SR vl & B
o 1A fosar T am)|

3o SR W ERRERS 10T 3R TRt @M % fog gE SfEam sifesie 3R forRia &
THSOT T 3762 PP 3Tde HigdT BT Idl AT | fA8oT Jonferdi o HaTg agR bl Sfid i
& oy Rardifoiea 3aae 3mfSid far T, foaH fiaRial & digar 964 W fafooree o
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FHHT BT UdT Il T BIvT [deTyoT F fTaidRidt &l 9T H Ifg & 12 eT8glfhfaae! ¥ gig
ST TS| 3B ST, flher! BT AN §3 T STdfds oIt W glg b F1 foee! Bl a=aar
dTehd BH &1 TS| S7 daldbAl DI eI Dl 3URATd & foiy SiFIaR sevmam mar o1 S 7Y &
3R-30TfIeh BISGIST dig Pl PBHSIN b dgoeid Y@l bl MaRfedr Pl gerdr 2l
TG ToRRTe & fAsromt oY Us-311 ufderd faeasor & foig wred i R afud fasar ma, foray
T IaT fos AT § fioiRial $ FigdT de- W (Auftdree &H 8 & BRUT) SIH HHT 38|
THR 316 UdT Il 1 eI bl 30% Higdl Heloy hied st b HHH Ao Pl g41g
G T&T 2t 3R W 4.03+0.28% BT US-371 Wld2rd 2T, 3 TH0T BT 31T & fdeaiwor & fag
3gepicid foaT AT &l THT:ITERRTA & 9 3Agplcid AT 1 garefesd i fder & fay
TS b B | A1Hd fdsar T

ATORE gRREEH ST I & g, 7 gda 31 (S, TiQ 31k THY) Y 31eTT- 37T Figar
P TS THSOT H STAT 7T 3R 39k a1 {30 Pie fife gRT TSt st 0 39! BIfET Bl TS|
fdepfad ST B1 Shdidtue faemsor 7 HigdT & AR Celsiaitse nfdfdfe fears| gdat 31b
ITeil gHIRfEP ST 7 3A-fAg) Yerd &b efarcb STHA & FHY fd2eiwoT H Shgiet bl goiT | doit
IRT BT YIBT STHIA H HEE I, STaich HIH BH GIAI3EY% &b BRUT, TISHYHST-UATE 3,
TASTOHST-EY 3 3R GASTQHS-I1 3 ST BT 31 oid f3aT T 27| ThETHsyr faeayor §
3plcid ST R WBIgfs SiTet b A1l R 2fereh bl 3R T UdT AT | SHP T, IJhleid
ST Y HepHUT Ui Tfdfdfe Bt S 31T sf=aier, Tet TeaeH, daT didH! eide fafd gr
STraT T, SR T, 3TRaE 3R €. Piell daiRad 3uial & fGa® 97% 3 31ftd AR &
EMHAT & T8 | SHP 3TATdl, IchT UIgfseM Tfdfdfe & BRoT 36T Hag W Hd Sidrv] Biferbry
T TS| 3T Bl IR ATAET BT TAIMST3EN3 BB R THEKT & A1 3rer fosar
T T, TSR 85% I 31fHieh T YR 2ATHA T, ST 37hT ATgeIbuiead UPpfd bl 3R F2ART
PBIAT B

g-fdal T Qrgeed ¥ gRT 3ebl pARLfees Tfdfdfa & 3R W Wi srgefeid $iET
(TTSTIQHSTT-THYS 3, THoITHsT-EIT 3 HR YASIUASI-HIY 3) BT JeilcHep 376 febat |
faeor & foiv fey s1feeal @i o1 3uaT fosam T, foiew 3= gl T g T H GAsigHstl-
A3, TISTOHGN-EY3 3R Tasiuaet-Hg3 FHg! & doft I Iad BT &/arhT STHA 3T dkhd Al |
IR O Jah STHA bl G&IdT Bl gARC et TH (s 3R Iard Bid (WTH) GRT |91 T T, foRay
T IAT fdb TASTIQESI-HIY 3 ST H T I dapl STHA 6l IHT 66.37+ 17.32 Jbs 3R
FAqH Yo Bid 0.135+ 0.03 TTH &1
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assay.

Figure 4.3: Antioxidant activity of NGSG-CA dressings by DPPH assay.

Figure 4.4: Antioxidant activity of NGSG-MF dressings by DPPH assay.

Figure 4.5: Digital pictographs indicating the blood clotting time of dressings with varying
concentrations of TA.

Figure 4.6: Digital images indicating the blood clotting by fabricated dressings with varying
concentrations of CA as a function of time.

Figure 4.7: Digital micrographs of developed dressings with varying concentrations of MF
indicating the blood clotting time.

Figure 4.8: Histograms indicating the blood clotting index (%) of NGSG-TA dressings.
Figure 4.9: Histograms corresponding to the blood clotting index (%) of NGSG-CA dressings.
Figure 4.10: Histograms showing the blood clotting index (%) of NGSG-MF dressings.
Figure 4.11: Histogram indicating the effect of NGSG-TA3, NGSG-CA3 and NDGS-MF3 on
PT.

Figure 4.12: Histogram indicating the effect of NGSG-TA3, NGSG-CA3 and NDGS-MF3 on
aPTT.

Figure 4.13: FESEM micrographs of RBC adhesion on the dressings surface.

Figure 4.14: Digital images indicating the zone of inhibition for both the bacterial strains S.
aureus and E. coli.

Figure 4.15: Histogram for the Zone of Inhibition diameter (mm) of NG and NGSG-TA3 group

against S. aureus and E. coli.
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Figure 4.16: Digital images showing zone of inhibition against S. aureus and E. coli.

Figure 4.17: Histogram for the zone of inhibition diameter (mm) of NG and NGSG-CA3 group
for S. aureus and E. coli.

Figure 4.18: Digital pictographs representing the zone of inhibition against S. aureus and E.
coli.

Figure 4.19: Histogram for the zone of inhibition diameter (mm) of NG and NGSG-MF3
groups.

Figure 4.20: SEM micrographs representing the adhesion of S. aureus on the control as well as
antimicrobial hemostatic dressing surface.

Figure 4.21: SEM micrographs representing the adhesion of E. coli on the control as well as
antimicrobial hemostatic dressing surface.

Figure 4.22: Digital images indicating the antimicrobial nature of dressings.

Figure 4.23: Digital images indicating the antimicrobial nature of dressings.

Figure 4.24: Histograms indicating the quantitative evaluation of antimicrobial activity of
NGSG-TA3 dressings against S. aureus and E. coli.

Figure 4.25: Histograms indicating the quantitative evaluation of antimicrobial activity of
NGSG-CA3 dressings against S. aureus and E. coli.

Figure 4.26: Histograms indicating the quantitative evaluation of antimicrobial activity of
NGSG-MF3 dressings against S. aureus and E. coli.

Figure 4.27: TEM micrographs indicating the bacterial cell morphology against S. aureus.
Figure 4.28: TEM micrographs indicating the bacterial cell morphology against E. coli.
Figure 4.29: Elemental mapping analysis showing the presence of silver in S. aureus bacterial
strain treated with dressings.

Figure 4.30: Electron microscopic images with elemental mapping mode showing the presence

of silver in E. coli bacterial strain treated with dressings.
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Figure 4.31: Histograms indicating the cell viability (%) determined by the MTT assay.
Figure 4.32: Morphology of NIH3T3 cells cultured with dressings for 24 h. (a) bright field, (b)
confocal microscopy images.

Figure 4.33: SEM micrograph indicating the surface morphology. (a) Pristine, (b) NGSG-TA3,
(¢) NGSG-CA3, (d) NGSG-MF3.

Figure 4.34: EDX analysis of hemostatic dressings in mapping mode. (A) NGSG-TA3, (B)
NGSG-CA3, (C) NGSG-MF3.

Figure 4.35: Contact angle analysis indicating the highly hydrophilic nature of the dressings.

Chapter 5

Figure 5.1: Digital images indicating the establishment of tail amputation model. (a)
Measurement of tail length, (b) Cut on the half-length, (c) Bleeding model.

Figure 5.2: Digital micrographs of tail amputation model. (a) Control, (b) NGSG, (c) Axiostat®,
(d) NGSG-MF3 (e) NGSG-TA3, (f) NGSG-CA3.

Figure 5.3: Histograms indicating the hemostatic time (s) analysis.

Figure 5.4: Histograms indicating the amount of blood loss (g).
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